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Abstract— Nowadays, electric vehicle usage and the use of 
LiFePO4 batteries in electric vehicles gradually increase. 
However, there are important features to be considered to use 
these batteries safely and efficiently. Incorrect use of these 
batteries can lead to burning, explosion or shortening of the life 
of batteries.  
In this paper, a Battery Management System (BMS) for lithium 
based batteries is designed that operates more efficiently and 
communicates with UART between master and slave modules 
and can communicate via CAN protocol with external devices. 
Micro controller based control and protection equipment is 
designed that help to measure and monitor the voltage, 
temperature and current values of the batteries. They protect the 
battery cells from the conditions such as over charge, over 
discharge, high current, high temperature. BMS balances battery 
cell voltages during charging process with passive cell voltage 
balancing. In addition to the main controller module in the BMS, 
slave controller modules have been added to provide high 
resolution voltage and temperature tracking. A modular BMS 
has been devised which can be used in groups of batteries of 
different voltage values thanks to electrically isolated slave 
control modules.  
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I. INTRODUCTION 
LiFePO4 batteries are a type of rechargeable battery that 
does not contain toxic substances, have high temperature 
stability and long cycle life. The energy density is higher than 
the lead acid battery. For these reasons, it has been 
increasingly used in electric vehicles and backup power 
sources in recent years. However, the batteries have important 
features and sensitivities to be aware of when charging or 
discharging. Battery cell voltage, current and temperature 
values must be kept within the safe zone and should be 
monitored continuously for this purpose so that the batteries 
are not damaged and can be used safely. 
The battery management system (BMS) is the entirety of 
the hardware and software system used to make batteries safer 
and more efficient [1],[2]. It is a system that manages the 
charging and discharging processes by reading important 
values such as temperature, voltage and current of the battery 
cells [3]. Therefore, in the literature there are application-
based studies which can be used in real-time applications and 
theoretical based studies aimed at achieving higher efficiency. 
BMSs are often used with battery operated industrial, 
commercial devices and systems to monitor batteries more 
efficiently, safely. For this purpose, in [4] they proposed a 
new method of designing a reliable and generalized BMS that 
describes existing BMS techniques.  In [5] the researchers 
conducted a study on BMSs in electric and hybrid vehicles. In 
this study, the latest developments in battery technology are 
reviewed and the challenges in BMS systems are presented 
and possible solution proposals are given. Gold categorized 
BMSs according to their different functionalities [6]. When 
the studies in the literature are examined, it is seen that the 
designed BMS are not modular and can fulfill the duties for a 
certain number of battery cells such as 7 [7], 22 [8], and 36 [9]. 
In addition to protection and monitoring, another important 
feature that BMS should have is balancing the voltages of the 
battery cells during charging. If there is no balancing, it is 
possible that other cells cannot be fully charged due to a cell 
reaching overvoltage and causing the high voltage protection. 
The most common of the balancing methods is the passive 
balancing, which is based on discharging the overcharged cell 
with a resistor. This method is preferred because of easy 
implementation and low cost. 
In this study, for LiFePO4 batteries, slave and main 
controller system was designed and realized with a real 
monitoring system. The BMS, which can be used in high 
voltage batteries, is designed consisting of a group of 
electrically insulated slave control modules and a main control 
module. Thanks to this modular system, voltage and 
temperature values can be read in 12 bit resolution in high 
voltage applications. This system was developed and tested in 
an electric vehicle with 32 LiFePO4 battery cells that has 
36Ah capacity. The results and design characteristics obtained 
with this study are presented in this publication. 
This publication is structured as follows; In the first part, an 
introduction to the subject is given and the literature 
information is shared. In the second part, the characteristics of 
the BMS system and the tasks that need to be fulfilled are 
mentioned. Section III describes the design of the BMS 
system and the obtained results are presented in Section IV. 
Finally, a general evaluation has been made in Section V. 
II. BATTERY MANAGEMENT SYSTEM AND DUTIES OF IT 
A. LiFePO4 Battery 
Batteries are the main energy source for electric and hybrid 
vehicles and their performance also affects vehicle 
performance. In battery selection, many factors need to be 
considered such as; low internal resistance, no memory effect, 
fast charge, high level safety, high energy density, high power 
density, long life, high charge-discharge efficiency, high 
reliability in cyclical use, low cost, and the ability to be 
subjected to recycling processes [10].  
Lithium-based batteries are preferred due to their light 
weight, high energy density and lack of memory effect. In 
addition, the safety risks of the batteries selected for use in 
vehicles must be as low as possible. Due to the chemical 
structure of LiFePO4 batteries, thermal stability is better than 
other lithium based batteries. For these reasons, LiFePO4 
battery cells, a preferred battery for safety reasons, are 
preferred in this study. The technical characteristics of the 
battery cell are given in Table I.  
 
TABLE I 
SOME TECHNICAL CHARACTERISTICS OF USED WN36AH LIFEPO4 BATTERY. 
Nominal Voltage  3,2 V 
Nominal Capacity 36 A 
Max. Cell Voltage 3,8 V 
Min. Cell Voltage 2,5 V 
Operating Voltage Interval 2,8 - 3,7 V 
Internal Resistance <2 mΩ 
Cycle Life >2000 
Weight  1,3 kg 
 
B. SOC Estimation 
The BMS calculates how much energy is left in the battery 
by looking at the voltage, current, and temperature of the 
batteries. Important information such as how many kilometers 
the car can go for electric car application and how many more 
hours of energy it can provide for backup power supply 
applications is calculated by the BMS circuits. The ratio of the 
instantaneous capacity of the battery to the total capacity, 
which is called state of charge (SOC), is calculated as a 
percentage and displayed to the user. 
LiFePO4 battery cell nominal voltage is 3.2V. At most of 
the interval of battery capacity the voltage remains at 3.2V. 
This feature of LiFePO4 batteries makes it difficult to 
calculate capacity with voltage. One of the capacity 
calculation methods is the current counting method. For the 
capacity calculation algorithm, the current drawn from the 
charger is collected every second during charging. The sum of 
current in amperesxhour and the total capacity of the battery 
can be found. During discharging, the SOC of the battery can 
be calculated by subtracting the current drawn every second 
from the battery bank from the total current. Relations related 
to this method, called the current count, are given in Eq. (1) 
and (2). 
𝑞(𝑡) = 𝑞0 + ∫ 𝐼(𝑡). 𝑑𝑡    (1) 
𝑞𝑘 = 𝑞0 + ∆𝑡. ∑ 𝐼𝑘𝑘     (2) 
In these methods, it is difficult to precisely determine the 
remaining capacity of the battery due to reasons such as the 
loss of PCB materials, the difference of each produced battery 
cell, the failure to form a definite battery cell model, the 
chemical characteristics of battery cells vary according to 
battery age and ambient temperature. 
C. Safety and Protection 
One of the most important tasks of BMS is to ensure that 
batteries are used safely. For this reason, the temperature, 
voltage and current information of the battery should be kept 
under constant control. If this data goes out of the safe zone, 
the battery may be damaged. If the necessary precautions do 
not taken in case of high current or high voltage, the battery 
cells may become very hot and flame. The basic tasks that 
should be included in a BMS system in general are described 
below. 
• Voltage Protection 
During battery charge and discharge operations, the cell 
voltages must be read continuously to keep the cell voltage 
values in the safe zone, to detect cell voltage differences and 
to calculate battery remaining capacity. 
The safe zone for the LiFePO4 battery cell voltages is 
between 2.5 V and 3.7 V. During charging, the cell voltages 
are read continuously and charging is terminated when the cell 
voltage reaches the charging voltage maximum limit. During 
discharge, when the cell voltage reaches the discharge 
termination voltage of 2.5 V, the load is disconnected from the 
battery bank and the cell is protected from over discharge. 
When the cell voltage drops below minimum voltage limit, the 
maximum capacity value the cell can store can reduce or 
eliminate. 
• Current Protection 
The limit values of the current to be drawn from the 
batteries must be considered. The maximum instantaneous 
current and continuous current that can be drawn from the 
batteries will vary depending on the battery type and capacity. 
In the batteries used in this study, the continuous current value 
is 108 A and the instantaneous current value is 180 A (current 
that can be drawn for 5 seconds). Batteries may heat up, 
explode, or reduce their service life if these conditions are 
exceeded. During charging and discharging, the current value 
is read continuously. When the current values go out of the 
safe zone, the BMS circuits separate the charger or load from 
the battery pack. 
• Temperature Protection  
The overheating of the batteries can cause the chemical 
bonds in the cell to break. This can cause the batteries to lose 
their life, deteriorate or explode. Since the chemical structure 
of LiFePO4 batteries is predominantly iron, thermal stability is 
higher than other lithium batteries. The Fe - P - O bond in the 
chemical structure of LiFePO4 batteries is stronger than the 
chemical bonds in other lithium batteries. LiCoO2 batteries 
have a high temperature explosion limit of 175oC while 
LiFePO4 batteries have an explosion limit of 250oC. The 
temperature value for efficient use during discharge is 
between -20 and +45 degrees. During charging, the 
temperature should be between 0 and 45 degrees. 
The battery temperature is read continuously during 
charging and discharging in the BMS cycle and the user is 
warned in critical situations. The charging unit or load is 
separated from the battery pack if necessary. At the same time, 
the Voltage-Capacity curve changes according to the 
temperature value. Therefore, the battery cell temperature and 
the battery cell temperature are also taken into account when 
calculating the remaining capacity of the battery. 
• Voltage Balance 
Cell voltage balancing is a process in which a lot of cells 
are taken care of while charging the battery. When the battery 
voltage reaches the upper limit, charging stops. The internal 
resistance of the battery cell may vary for each cell. When 
power is drawn from a series of connected battery packs, the 
energy consumed on each battery cell will be different. In a 
same way, when the battery pack connected in series is 
charged, the stored energy will be different. In this case, 
voltage differences may occur between the batteries during 
charging and discharging operations. Although there is no 
problem in total voltage during charging, some of the voltages 
per cell may have reached the critical voltage level. Therefore, 
when the batteries are charged, the voltages of all the batteries 
must be measured separately and the battery voltages should 
be balanced when necessary. If one of the batteries reaches 
high voltage without reaching the required total voltage level, 
the charging operation is stopped and the balancing operation 
is started. The battery with higher voltage is discharged 
through the discharge resistor until the voltage level returns to 
normal. When voltage level reaches the same level as other 
cells, balancing is stopped and charging is continued. As 
shown in Fig. 1, the battery cell with excessive voltage is 
discharged by the passive balancing method and the voltage 
level is reduced. If the voltage of Bat2 cell is higher than Bat1 
cell, SW2 is turned off and excess energy is wasted on 
Discharge Resistor2 equalizing resistor. This process 
continues until the voltage levels are equalized. 
 
Fig. 1  Passive balancing method connection diagram 
III. DESIGN OF BMS SYSTEM IN ELECTRICAL VEHICLE 
The BMS is designed and implemented as part of 
ALATAY-EV project that is a fully electric vehicle prototype 
for the urban use.  
The vehicle's supply unit consists of 32 LiFePO4 battery 
cells with a capacity of 36Ah connected in series and the DC 
bus voltage is 102.4V. The BMS for this battery module is 
designed and manufactured. 
Because of the high number of batteries in this high voltage 
application, instead of a centralized system, a system is 
designed in which the slave controller modules and the master 
controller module that controls these modules work together 
as shown in Fig. 2. Thus, a BMS is installed which is highly 
efficient and easy to install in battery pack. Battery cell 
voltages and temperature values can be read at high resolution. 




Fig. 2  General topology of proposed BMS system 
A. Slave Module Design 
Slave controller modules are auxiliary cards that read the 
current, temperature, and voltage values of the batteries they 
are connected to and send this data to master module, perform 
management processing commands such as balancing from 
the master controller. Application circuit block diagram of the 
slave modules are illustrated in Fig. 3. 
 
 














The slave controller card is connected to two battery cells 
and receives the energy required for operation from these 
battery cells. It has two temperature sensors, voltage divider 
circuits, voltage balancing circuits, user warning LEDs and 
electrically isolated communication circuits. Completed slave 
module design can be seen from the Fig. 4. Voltage balancing 
can be performed up to 2A using a 5W stone resistance. 
Balance current can be adjusted between 0A and 2A with 
balancing of PWM equipment. In the event of increased 
temperature or precise balancing, the duty cycle can be 
reduced by reducing the duty ratio of the PWM. 
 
 
Fig. 4  Designed BMS slave module 
B. Master Module Design 
The main controller module is the card that evaluates the 
current, temperature and voltage information coming from the 
slave module and carries out the operations of the BMS. The 
master module sorts the information of temperature and 
voltage from the slave module from the largest to the smallest 
and takes the average of them. The controller marks the 
battery cells that are at critical values. Master module decides 
whether to start or stop balancing and charging and calculates 
and displays the remaining battery capacity. Protect the 
batteries from being overcharged or over discharged by 
loading or disconnecting the battery when necessary. The 
main controller module block diagram can be seen from the  
Fig. 5. 
 
Fig. 5  Main controller module block diagram 
 
Fig. 6 shows the control flow diagram of the main 
controller circuit. When the BMS system is turned on, initial 
settings for the microcontroller are made. After this, the main 
controller sends the initial communication signal to the slave 
modules to receive the battery data required for the BMS 
operations. Then, by evaluating the data coming from the 
slave module card, it finds the data such as the highest and 
lowest battery cell, the highest and lowest temperature value, 
the total voltage value and decides the BMS commands. 
 
 
Fig. 6  Flow chart of the main controller  
In the main controller system; if the highest voltage of the 
battery cells reaches the upper limit of 3.7V during the 
charging process, the charging relay is opened and charging is 
stopped. Likewise, if the battery temperature reaches the 
upper temperature limit, the charging process must be stopped 
again to avoid battery failures. 
The master card compares the voltage values of all the 
battery cells and calculates the voltage difference between the 
cells. If the difference value of cell voltages is more than 0.1V, 
battery cells with higher voltage are discharged by passive 
voltage balancing method. The balance process continues until 
all the battery cell voltages are balanced. Once all cell voltage 
levels are equal, the system will start charging again. 
If the voltage of the battery cell with the lowest voltage 
level during discharge is less than the lower discharge limit of 
2.5V, the load relay is opened and the battery is protected 
from over discharge. If the current drawn from the battery 
pack is greater than the instantaneous current value or if the 
temperature of the battery pack reaches the upper temperature 
limit, the load is separated from the battery pack and the user 
is notified with the sound and visual warning.The final version 
of the main module is shown in Fig. 7. 
 
 
(a)                                                  (b) 
Fig. 7  BMS main module with a) front face, b) rear face 
C. Communication and Monitoring  
The communication between the slave controller modules 
and the main controller module is carried out by the UART 
communication protocol. Slave controller modules receive 
their energy from the battery cells they are connected to. This 
creates voltage reference differences between the series-
connected modules. The slave and main controller modules 
must be electrically isolated from each other for 
communication. The BMS circuits are isolated from each 
other by using the optical isolator integration at the slave 
controller module communication output. 
In addition to the BMS is connected to the CAN BUS 
communication network and sends important battery data such 
as maximum and minimum voltage, current and SOC to the 
in-vehicle display screen, motor drive circuits and on board 
charging unit. After these operations, the BMS sends the 
necessary commands to the slave module. All of these BMS 
data are displayed on the TFT display of the user interface. 
A 3.2-inch TFT screen is placed on the main controller 
module so that all battery information can be displayed on a 
single screen. This screen shows all the battery cell voltages 
and which of these battery cells has the highest or lowest 
voltage value. When the BMS enters the sleep mode, the TFT 
backlight can be turned off to save energy.  
IV. IMPLEMENTATION RESULTS AND DISCUSSIONS 
A BMS design that can be used in both low voltage and 
high voltage battery groups has been made with master and 
slave controller card designs. Because the two circuits are 
very close to the battery cells, the cable length connecting the 
circuits to the battery cells is very shortened. At this point, 
cable losses are prevented to cause problems in reading analog 
data. Thanks to the modular design, mounting of the BMS 
circuits on the battery is facilitated. The use of the isolated 
UART protocol in serially connected slave controllers allows 
communication between modules with different references. 
With this communication method, all the battery data can be 
transmitted smoothly to the main controller module. 
One of the important features of the design is its ability to 
be used in battery groups with different specifications. As 
shown in Fig. 8, the properties of the battery cells can be 
entered via a setup screen. 
 
Fig. 8  BMS module setup screen 
 
Besides, many information (nominal voltage, battery 
capacity, temperature values etc.) and status of the battery can 
be read through the created graphic screens. Some screenshots 
of the BMS module are given in Fig. 9. 
 
 
Fig. 9  BMS main module screenshots a)BMS startup screen, b)BMS balance 
screen, c)BMS voltage monitoring screen, d)BMS temperature monitoring 
screen. 
 
The designed BMS box provides short circuit protection for 
both the battery and the BMS circuits. The protection box 
simplifies the installation of the entire system into the electric 
vehicle by keeping together elements such as controller 
circuits, current sensor, circuit breakers and display screen 
used in the BMS system. It is also understood that it is very 
important to use this box because it protect components from 
dust and external impacts. With the cooling fans mounted on 
the battery box, the battery cooling process can be done easily 
during the battery voltage balancing process. The designed 
battery module and the BMS system are shown in Fig. 10. 
 
 
Fig. 10  Designed and manufactured battery system 
 
V. CONCLUSIONS 
In this work, a modular BMS for electric vehicle is 
designed to help and measure the voltage, temperature and 
current values of the batteries. The designed BMS consists of 
a main controller and slave modules connected to it. Thus, a 
modular BMS system is designed to be used in applications 
with different numbers of battery cells. This BMS operates 
more efficiently and communicates with UART between 
master and slave modules and communicate via CAN with 
external devices. The BMS protect the battery from conditions 
such as over charge, over discharge, high current, high 
temperature. BMS balances battery cell voltages during 
charging process with passive cell voltage balancing. 
Designed BMS has been tested on 32 serially connected 
LiFePO4 battery cells which are used in the international 
ALATAY-EV project. Successful results have been achieved 
in this application. 
ACKNOWLEDGMENT 
This work was supported by the Scientific and 
Technological Research Council of Turkey under Grant 
114E023, and by the Pamukkale University under the Grant 
PAU-ADEP/2017. 
REFERENCES 
[1] J. V. Barreras, M. J. Swierczynski, E. Schaltz, S. J. Andreasen, C. 
Fleischer, D. U. Sauer, and A. E. Christensen, “Functional Analysis of 
Battery Management Systems using Multi-Cell HIL,” 2015 Tenth 
International Conference on Ecological Vehicles and Renewable 
Energies (EVER), pp. 1-10, 2015. 
[2] D. Andrea, Battery Management Systems for Large Lithium Ion Battery 
Packs, 1st ed.; Artech House: London, UK, 2010; pp. 22–110. 
[3] O. Satilmis, and E. Mese, “Elektrikli ve Hibrid Elektrikli Araçlar İçin 
Batarya Şarj Cihazları,” Elektrik-Elektronik ve Bilgisayar Sempozyumu, 
pp. 137-142, 5-7 October 2011, Elazığ, Turkey. 
[4] J. Chatzakis, K. Kalaitzakis, N. C. Voulgaris, and S. N. Manias, 
“Designing a New Generalized Battery Management System,” IEEE 
Transactions on Industrial Electronics, vol. 50, no. 5, pp. 990-999, 
2003. 
[5] Y. Xing, E. W. M. Ma, K. L. Tsui, and M. Pecht, “Battery 
Management Systems in Electric and Hybrid Vehicles,” Energies, vol. 
4, pp. 1840-1857, 2011. 
[6] S. Gold “A PSPICE Macromodel for Lithium-Ion Batteries”, 
Proceedings of IEEE the Twelfth Annual Battery Conference on 
Applications and Advances, pp. 215–222, 1997. 
[7] S. Singamala, M. Brandl, S. Vernekar, V. Vulligadala, R. Adusumalli, 
and V. Ele, “Design of AFE and PWM drive for Lithium-Ion battery 
management system for HEV/EV system,” In 2014 27th International 
Conference on VLSI Design and 2014 13th International Conference 
on Embedded Systems, pp. 186-191, 2014. 
[8] M. Zheng, B. Qi, and H. Wu, “A Li-ion battery management system 
based on CAN-bus for electric vehicle,” In 2008 3rd IEEE Conference 
on Industrial Electronics and Applications, pp. 1180-1184, 2008. 
[9] A. Shi-Qi, Q. Anning, and Z. Yu-wei, “Design and realization of SPI 
interface in lithiumion battery voltage measuring system,” 6th 
International Conference on Computer Science & Education (ICCSE), 
pp. 83-87, 2011. 
[10] A. Affanni, A. Bellini, G. Franceschini, P. Guglielmi, and C. Tassoni, 
“Battery choice and management for new-generation electric vehicles,” 
IEEE Transactions on Industrial Electronics, vol. 52, no. 5, pp. 1343-
1349, 2005. 
 
 
